To assess health and neurodevelopmental outcome at 3 years of age in neonatal intensive care unit (NICU)-surviving children who were born at 26 or fewer weeks of gestation in a geographically defined region of Belgium from 1999 through 2000.
M ortality of extremely preterm infants has decreased significantly over recent years. However, concerns about the long-term development in these vulnerable infants cast shadows over the better survival rate. [1] [2] [3] At present, the importance of prospective, population-based cohort studies is recognized, and the results are useful in the decision of either continuation or withdrawal of intensive care for infants with borderline viability. Because neonatal intensive care has been substantially extended and diversified in the 1990s, reports on infant cohorts studied before the surfactant era are hardly informative at present. Although the probability of disability is very high in extremely premature infants, it varies substantially according to the definitions used in the data reported. [1] [2] [3] Cerebral palsy and neurosensory handicap such as blindness, deafness, and cognitive impairment are frequent consequences. The national EPICure study, while approaching the matter functionally, defined disability as the need of physical assistance to perform daily activities (ie, inability walking without assistance, blindness). It showed that 49% of the surviving children with gestational age of 25 weeks or less showed disability at the corrected median age of 30 months. Among them, 23% met the criteria for severe disability. 4 Population-based reports about the outcome in such children at an older age indicate that major neurodevelopmental impairments persist 5 and that the number of minor problems increases into school age. 6 -7 A population-based study, called the EPIBEL (Extremely Preterm Infants in Belgium) study, of infants born at 26 weeks or less of gestation was initiated in all 19 perinatal centers of Belgium. 8 The overall survival rate of liveborns was 54% (175 of 322). Of these 175 survivors, 63% did show one or more major complications at the time of discharge from the neonatal intensive care unit (NICU), eg, serious neuromorbidity, chronic lung disease, and treated retinopathy of prematurity. Hence, the risk for subsequent abnormal development had been expected to be very high. This study was designed to examine the outcome of the subjects at the corrected age of 3 years and to compare the results with the ones obtained in other population-based studies.
MATERIALS AND METHODS
The infants assessed in the follow-up study (ie, alive at the onset of labor) were delivered in the perinatal centers of Flanders from January 1, 1999, until January 1, 2001 . Gestational age ranged from 22 to 26 completed weeks (more details available in Vanhaesebrouck et al 8 ) (Table 1 ). All infants (nϭ95; ie, 54% of the survivors of the original EPIBEL group) born in Flanders, the Dutch-speaking region in Belgium, were invited for formal assessment. The parents were invited by letter to have a multidisciplinary assessment of their 3-year-old child at the follow-up center associated with the NICU where the newborn had been admitted. In practice, the children were formally assessed at the median corrected age of 36 months (range 30 -42 months). Seventy-five percent of the children were tested between the ages of 34 and 38 months. In each center, assessment was performed by a pediatrician or pediatric neurologist, physiotherapist, and psychologist. If the latter was not available locally, the first author (I.D.G.) performed the developmental assessment (nϭ28). The local staff of examiners knew the status of the patients because they had already examined the majority of the children near their first or second birthdays.
The assessment comprised a detailed clinical examination and full developmental evaluation. The clinical evaluation included collecting the recent medical history and a global health and anthropometric assessment, as well as a standardized neurologic and sensory examination (see Appendix). 9 The Dutch edition of the second version of the Bayley Scales of Infant Development (BSID-II-Nl) 10 was used to assess mental and psychomotor development. The BSID-II-Nl is standardized on a mean score of 100 and a standard deviation of 15 points. In the BSID-II-Nl, a Mental Developmental Index or a Psychomotor Developmental Index score of 85 or greater is considered normal. The indexes of 70 -84, 55-69, and less NICU, neonatal intensive care unit. * One infant died shortly after the follow-up assessment, unrelated to prematurity. The data on this child were included in the analyses of the surviving children.
than 55 yield the assessments of mild, moderate, or severe impairment, respectively. The study was approved by the local ethics committee, and the parents or tutor of the subjects gave written informed consent. The "overall disability outcome" is based on the degree of neurologic (ie, neuromotor and sensorycommunicative functioning and nonfebrile seizures) and developmental (ie, Mental Developmental Index and Psychomotor Developmental Index) functioning. According to recommendations by others, 4 but contrary to the classification of the Bayley Scales of Infant Development-II, the Mental Developmental Index and Psychomotor Developmental Index scores of 70 or greater were considered as normal in defining the "overall disability outcome." The synthesized categories were "no overall disability" (ie, no significant developmental delay [Mental Developmental Index and Psychomotor Developmental Index 70 or greater] and no impairment detected in the neuromotor or sensory-communicative domain) and "severe disability" (ie, one or more severe impairments). The remaining was classified as "mild-tomoderate disability."
Functioning in the neuromotor, sensory-communicative, and developmental domain was categorized according to the degree of impairment and labeled "none," "mild to moderate," and "severe" based on criteria used in previous international studies. 4, 11 Criteria determining the level of impairment are presented in Table 2 , with the ones for severe impairment in the subdomains shown in bold type. Mental and psychomotor functioning, expressed as Mental Developmental Index and Psychomotor Developmental Index, respectively, were taken into account for discerning the levels of developmental impairment.
The classification of type and location of cerebral palsy was based on describing function, tone, and reflexes in each limb. In addition, it comprised the results of the neurologic examination (see Appendix). Minor central motor dysfunction was defined as poor motor coordination without clear evidence of any neurologic abnormality, such as cerebral palsy. Cerebral palsy and minor motor dysfunction (ie, neurologic classification) were not taken into account in the "overall disability outcome" (ie, functional classification), although admittedly both classifications overlap substantially.
Data were entered into a standardized database (FileMaker Pro 6.0, FileMaker Inc, Santa Clara, CA) by the attending physician and sent to either I.D.G. or P.V. Data were encoded for analysis with SPSS 12.0 (SPSS Inc, Chicago, IL), checked twice for accuracy, and outlying results verified. In case of missing or ambiguous data, the attending physician was contacted to discuss the data. Results on ordinal variables were compared by using Kruskal-Wallis (three groups) or Mann-Whitney U (two groups) analyses. Differences in categorical variables were analyzed with 2 . Differences were considered significant when PϽ.05.
RESULTS
There were 251 births recorded in this regional cohort. Ninety (36%) of them were not admitted to any NICU, and 91% of these infants were reported to have died after the onset of labor and 9% in the delivery room after intentional resuscitation efforts. Most of the intrapartum deaths (83%) occurred before 25 weeks of gestation, and 41% were late terminations of pregnancy, mainly because of the detection of a major congenital or hereditary fetal anomaly (see Vanhaesebrouck et al 8 for more details). Among the remaining 161 infants, 66 infants (41%) died in the NICU, and 95 (59%) were discharged alive (Table 1) . Mean (Ϯstandard deviation) birth weight was 789 (Ϯ170) g, and the mean gestational age was 25.4 (Ϯ0.7) weeks.
Of the 95 survivors, three infants died before the study of formal follow-up assessment had started. Two of them died of clinical consequences directly related to extreme prematurity (eg, chronic lung disease and tracheostomy), and the third infant succumbed after an accidental fall. A fourth child died of a fatal burning casualty shortly after the follow-up study had started, but the data on this child were included in its results. The parents of three children could not be reached, and 12 parents declined cooperation for various reasons. Hence, of 92 surviving infants, 77 three-year-old children (84%) could be formally assessed. For 12 of the 15 children who did not participate physically, valuable information was collected by contacting the local pediatrician (nϭ4) or developmental center (nϭ6) and recording neuromotor and physical development of the child. In two children, the local neonatologist performed the neurodevelopmental assessment at 12 (nϭ1) or at 24 months (nϭ1) of age. In all instances, the assessor completed the standardized electronic file on health outcome and neurologic development and transmitted the available mental and psychomotor development test results. If not available (nϭ5), overall estimates of the mental and psychomotor development were provided. Among these 12 children, five had no overall disability, four were mildly disabled, two were moderately disabled, and one child was severely disabled. In three cases out of the total of 92, no information could be collected (Table 1) . Gestational age was 26 weeks in those three children; two of them had chronic lung disease, one showed cystic periventricular leukomalacia, and one was treated for threshold retinopathy of prematurity during NICU stay.
In general, further results pertain to the formally assessed children (nϭ77). A number of clearly disclosed analyses were performed on the broader denominator of children (nϭ89), which also included the 12 children examined by qualified health care assessors locally.
Sufficient data were available on global health and specific chronic medical treatment and support during the last 12 months before the formal assessment in 87 of the 92 long-term survivors, 47 of whom (54%) had one or more somatic difficulties. Recurrent upper (25%) and/or lower airway disease (23%) were most frequently encountered with chronic aerosol treatment in 18% of them. Chronic intestinal disorders were present in 10%, with two toddlers still dependent on gastrostomy feeding. Shunt for hydrocephalus was present in five children (6%).
The mean (Ϯstandard deviation) body weight at 36 months of age was 1.25 (Ϯ1.48) standard deviation below the mean of the specific Flemish population norms (data available for 73 children).
12,13 Average (Ϯstandard deviation) head circumference (nϭ66) (Table 2 ) of the formally assessed toddlers (nϭ77) are subdivided according to specific function. Severe neuromotor impairment (boldface type) was due to either dysfunction in the lower limb (no independent walking) and/or upper limb performance (incapable to dress and feed self). The sole child with gestational age of 23 weeks had a normal outcome in all neuromotor subdomains. Three children (4%, 95% confidence interval [CI] 0 -8%) had severe neuromotor, and 25 (32%, 95% CI 22-42%) children had mild-to-moderate neuromotor impairment. The distribution of degrees of neuromotor impairment did not differ significantly when correlated with gestational age, gender, or plurality (data not shown).
Cerebral palsy was present in 19 (25%, 95% CI 15-35%) of the 77 formally assessed children and in 20 of 89 children in the broader study group (22%, 95% CI 13-31%). The type of cerebral palsy mainly found was pyramidal (spastic) ( Table 3 ). In the group of children with cerebral palsy, impairment in the sensory-communicative as well as the developmental (mental or psychomotor) domain was common (47% and 42%, respectively). The majority (15 or 79%, 95% CI 61-97%) of children with cerebral palsy had also delayed mental development as formally revealed by the Bayley assessment (severe delay in eight children, moderate in three, and mild in four). An additional 13 of the 77 formally assessed children (17%, 95% CI 9 -35%) had also minor central motor dysfunction.
Seventy-five percent of the children had no sensory-communicative impairment, 5% had severe impairment, and 19% had mild-to-moderate impairment (Table 2 ). There were no deaf children among these 77 subjects, but one deaf child (ie, profound hearing loss that could not be corrected with hearing aids) belonged to the "broader" study group (nϭ89). Two children of the formally assessed group had no useful vision, but none in the additional sample of patients. Twenty-one percent of the children had strabismus, and 7% of them needed strabismus surgery. Nine percent wore spectacles. Abnormal eye movement was noticed in 5% (nϭ4), deficient fixation in 6% (nϭ5), and inadequate tracking in 4% (nϭ3). In four children (5%), there was no recognizable speech at 36 months, despite the fact that hearing was unaffected in three of the latter.
Mental (Mental Developmental Index) and psychomotor (Psychomotor Developmental Index) Bayley development indexes were available for 62 children (80%). Formal testing could not be performed in five children (6%) because of their severe sensory impairment and/or severe global disability. In three (4%) children, the Brunet-Lé zine scale 14 was administered because of their different mother tongue, and in seven (9%) children the first version of the Bayley Scales of Infant Development 15 was still in use at the follow-up center. The results obtained in the formally assessed patient group are presented in Table 4 and subdivided according to gestational age, gender, and plurality. Data pertaining to the only child of 23 weeks of gestation were added to the data for children with a gestational age of 24 weeks. This child had a normal Mental Developmental Index and Psychomotor Developmental Index.
The average (Ϯstandard deviation) Mental Developmental Index was 81.2 (Ϯ18.8) and the mean Psychomotor Developmental Index was 73.2 (Ϯ17.8). Overall, 70% (95% CI 60 -80%) had a Mental Developmental Index and/or Psychomotor Developmental Index more than 1 standard deviation below the population mean. Only one in three (30%, 95% CI 20 -40%) and less than half of the children (44%, 95% CI 33-55%) showed normal psychomotor (Psychomotor Developmental Index 85 or greater) and mental (Mental Developmental Index 85 or greater) When only children without minor central motor dysfunction and without cerebral palsy were taken into account (nϭ45), 62% of the children had a normal Mental Developmental Index, and the proportion of severe mental delay did drop from 18% to 7%. The subgroup of children with a normal Psychomotor Developmental Index (85 or greater) increased from 30% to 38%, and that of children with severe psychomotor delay (Psychomotor Developmental Index less than 55) decreased from 27% to 16%.
Results on the overall disability outcome are presented in Table 5 and subdivided according to either number of NICU admissions (nϭ161) or number of infants discharged alive (nϭ95) as denominator. The degree of overall disability was similar, irrespective of gestational age (categorized in groups of 24 or less, 25, and 26 completed weeks, PϾ.05), gender, and plurality (data not shown). In Figure 1 , the distributions of the various types of overall outcome at 3 years are shown, weighted either against the primary denominator (column A), the number of NICU admissions (B), the total number of live births (C), or the complete cohort of 251 recorded extreme preterm births in Flanders during the study time (D).
An "all-in" calculation of poor outcome (ie, disability or prematurity-related death) among the 95 infants discharged alive can be estimated to be 58% (95% CI 48 -68%) (nϭ55), representing 25 (26%, 95% CI 17-25%) mildly-to-moderately disabled children and 28 (29%, 95% CI 20 -38%) severely disabled toddlers, as well as two postdischarge deaths directly related to prematurity. As proposed by Tin et al, 16 it was anticipated that, with high probability, 3 year olds with extreme preterm birth would be evenly distrib- 2 (20) 6 (22) 8 (20) 7 (16) 9 (27) 6 (14) 10 (29) 16 (21) Severe delay (PDI less than 55)
3 (30) 7 (26) 11 (28) 13 (30) 8 (24) 15 (35) 6 (18) 21 (27) Data are expressed as n (%). NICU, neonatal intensive care unit. * NICU admissions (nϭ161) and children discharged alive (nϭ95). One infant died shortly after the follow-up, unrelated to prematurity. Data of this child were included in the analysis of the surviving children. Rates are identical when nonfebrile seizures are not taken into account.
uted over the three types of outcome discerned. Therefore, in this adding-up the three children lost to follow-up were subdivided, one in each outcome fraction. The Venn diagram (Fig. 2) pertains to the 51 (66%) children with formally documented overall disability subdivided according to the specific domain of impairment (neuromotor, sensory-communicative, Mental Developmental Index, and Psychomotor Developmental Index less than 70). The most frequent type (17%, 95% CI 9 -25%) of overall disability was an encompassed impairment on each one of the four domains (13 of 77). In the majority of these 13 children, at least one severe impairment was observed. The combination of neurologic, mental, and psychomotor impairment (16%) and the disability limited to the mental and psychomotor developmental domains (14%) formed almost equally large groups.
DISCUSSION
The survival rate of liveborn infants with a gestational age of 26 weeks or less was 56% at the time of discharge from hospital in this population-based study. Outborn infants were excluded from the study because the outcome of these infants is substantially worse, often because of suboptimal circumstances and care. 17, 18 Formal recording of outcome and morbidity was done at 3 years of age, regarding global health on the one hand and different domains of neurologic and developmental functioning on the other.
In more than half of the surviving extremely preterm infants, significant health problems required regular medical attention, pointing to the long-term consequences of neonatal respiratory and gastrointestinal complications. 8 In addition, extreme prematurity is complicated by sustained poor somatic growth persisting into preschool age.
Remarkably, about two thirds (63%) of the toddlers had no neuromotor deficit or dysfunction upon formal neurologic examination only. However, psychomotor developmental assessment (Psychomotor Developmental Index) by application of the Bayley Scales found normal psychomotor development in only 30% of the children. Hence, at age 3 years, delay of psychomotor development was a common finding, even when clear neuromotor dysfunction could not be documented. Our data confirm the findings by Wood et al 4 that sole consideration of neuromotor deficits overestimates motor ability in preterm children.
More than half (56%) of the formally assessed children had delayed mental development, defined as a Mental Developmental Index below 85. In about one out of five children (18%), this delay was severe, with Mental Developmental Index below 3 standard deviations (ie, less than 55) of the population mean. However, omitting all children with either minor central motor dysfunction or cerebral palsy showed normal mental development (Mental Developmental Index 85 or greater) in 62% of the residual group. Such exercise points to comorbidity of central motor deficits and dysfunctions. To a lesser degree, it also illustrates the lack of specificity of some developmental tests such as the mental scale of the Bayley assessment that, while intending to estimate mental development, also includes items on language, personal, and social aspects. Moreover, performance on the mental scale can also be influenced by specific motor abilities. 10 Children with psychomotor delay may therefore be at a disadvantage when mental abilities are judged by a developmental test. Fortunately, intelligence tests designed for older preschoolers are less flawed by the inherent interaction of mental and motor ability. Hence, potentially abnormal physical, neuromotor, and/or cognitive development can be assessed more accurately at a later age in preterm children, both with and without central motor deficit.
Only 40% of the 3-year-old children who survived to discharge had no disability. Severe disability was identified in 28% of them. A mental and psychomotor developmental index of 70 or greater was considered "normal" in the overall disability outcome assessment according to internationally recommended practice, based on the fact that the predictive value of subnormal mental and psychomotor performance in extremely preterm infants for subsequent school age development is poor. 19 However, if children with a suboptimal score (ie, Mental Developmental Index and/or Psychomotor Developmental Index 70 -84) on the Bayley Scales of Infant Development had been included in the "mild-to-moderate disability" group, the overall rate of children free of disability would have decreased from 40% to 26%. Toddlers with a Mental Developmental Index or Psychomotor Developmental Index of 70 -84 are at considerable risk for developing subsequent problems. Hence, here is a second reason for follow-up assessment at later ages to yield more precise and trustworthy data on the outcome in extremely preterm infants.
Regarding gestational age, the results suggest that this study group of extremely preterm children is fairly homogeneous in outcome. This is in line with the EPICure study, which reported that, according to differences in gestational age, no significantly different types of outcome at 30 months were observed. 4 However, this is at variance with the hospital discharge results recorded in this study, which indicate that short-term outcome improved markedly between 24 and 26 weeks of gestation. 8 This supports the idea that outcome at discharge is different from that at longer term. Moreover, the decision whether to start or withhold active curative care cannot solely be based on gestational age. Not in keeping with other studies, we did not find a higher rate of disability in males. 3, 4, 20 Rates of disabilities reported in the literature vary strongly, due to differences in definitions, in patients as well as in time period and age selected. Hence, comparison of study results is challenging. 1, 20 To partly resolve this problem, we have adopted the definitions used in recent cohort studies and have presented various denominators to calculate several disability rates. The overall rate of neuromotor impairment was 36% (95% CI 25-47%), but this increased to 43% when children with a gestational age of 26 weeks were excluded. It amply surpassed the 24% found in the EPICure study. However, the rate of severe neuromotor impairment was only half as large in our study (5% compared with 10%). Ten percent of the children in the EPICure study did not walk without assistance, compared with only 2% in this cohort. This illustrates once more the importance of selection criteria. The international criteria for severe neuromotor impairment were developed for 2-yearold children. 11 The average age of the toddlers in our study was about 6 months more than that of the EPICure children. Hence, they had more time to reach the set milestones.
The rate of cerebral palsy (25%, 95% CI 15-35%) found in our study is higher than in comparable multicenter studies of extremely preterm infants, but still within the margin of error. 21 Apparently this higher rate is due to a higher proportion of mild cerebral palsy. In the event of equivocal or mild motor problems, cerebral palsy may not be recognized clinically and diagnosed as a Developmental Coordination Disorder. However, when results of neuroimaging (ie, white matter disease, enlarged cerebral ventricles) were taken into account, a mild form of cerebral palsy could be diagnosed in a substantial number of those children. Continuation of follow-up efforts in our study group should answer the question whether or not the mild cerebral palsy evolves into a clinical diagnosis of Developmental Coordination Disorder. 21 Sorting out these hypotheses is important because reports are available about children who "outgrow" their cerebral palsy, diagnosed in early childhood. Similarly, in some children cerebral palsy can be diagnosed only later in development. [22] [23] [24] The rate of severe (5%) and moderate-to-mild (19%) impairment in the sensory-communicative domain are within the range of that encountered in other multicenter studies, reporting a 1-5% severe hearing and/or visual impairment. 4, 20 Not correcting for gestational age would have resulted in higher overall disability rates. This practice seems justified because the EPICure study revealed that the rate of severe disability at 6 years of chronological age was similar to that at 30 months of corrected age. 6 However, the outcome of some children categorized as "mildly-tomoderately" disabled at the age of 30 months evolved to a normal outcome at 6 years of age, pointing to the low predictivity of mild-to-moderate disabilities for subsequent preschool outcome.
In conclusion, in this first Flemish long-term follow-up study, almost two out of three extremely preterm children (58%) discharged alive from the NICU have an overall disability, of whom more than half (32%) are categorized as severe. The high rate of neurodevelopmental deficits in early childhood confirms the extreme vulnerability of this population, although, remarkably, at 3 years of age no disability was detectable in the various domains of neurodevelopment in 42% of the children. As normal neurologic development becomes more complex and refined with age, efforts to further monitor this at-risk population becomes very relevant. As in many others, the results in this study point to the paramount importance of extending the stay in utero until there is substantial evidence that the extremely preterm fetus is seriously compromised. Finding early predictors of adverse outcome 8 and determining best perinatal practices are real challenges to improve survival without long-term morbidity in extremely preterm infants. 
